In this paper, the authors propose an assessment framework of the completeness of scholarly information on the Internet, and then obtain a list of Web pages by searching for 32 key terms in eight subjects through Google, Yahoo, and Altavista. The 2,814 sample pages are examined according to the evaluation framework. The results reveal that the overall mean score of the completeness of online scholarly information was 2.92; only 11 percent of samples provide complete scholarly information. There is a statistically significant difference (P<0.05) in the completeness of those Web pages with various domain names, resource types, and subjects. In conclusion, the completeness of scholarly information on the Internet is unsatisfactory and needs to be improved immediately. Furthermore, the evaluation framework and its application developed herein could be a useful instrument for librarians, researchers, students, and the public to select Internet resources.
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ince information is increasingly being transmitted over the Internet, freely available Internet resources can provide unique content. In the past years, the Internet has quickly become an important supplementary source for academic research or even an alternative research tool. An investigation conducted by the Online Computer Library Center (OCLC) reported that approximately 84 percent of respondents (respondents were over 3,300 people in six countries) use search engines to begin an information search. 1 According to Franz Barjak's survey of more than one thousand scientists from Europe in 2003, the more productive the scientists were, the more they used the Internet for information retrieval, social communication, and dissemination. 2 Moreover, research from the "Pew Internet and American Life Project" reported that around 73 percent of college students reported using the Internet for research more than the campus libraries. 3 Other recent research has also shown students' and teachers' preference for using the Internet for academic research over campus libraries. 4 However, when compared to traditional printed resources, the lack of oversight for the quality of information on the Internet causes the quality therein to rapidly decline as the quantity increases. Researchers waste too much time when seeking reliable and valid information on the Internet. 5 Moreover, many undergraduates are challenged by research tasks, especially by selecting and evaluating information; they use unevaluated Internet resources that fall short of what instructors expect students to use. 6 Therefore, evaluating the quality of this type of information turns out to be both particularly challenging and important. It is urgent for academic libraries to select credible and worthwhile Internet resources to supplement collections to attract users' attention.
Among the existing studies of the quality of Internet resources, completeness (also called coverage, comprehensiveness, integrity, or scope) is always one of the crucial elements of quality assessment. Jim Kapoun proposed coverage as one of the five criteria for Web evaluation in 1998 that are still extensively used by libraries and scholars. 7 Gunther Eysenbach et al. provided an overview of 79 full articles assessing the quality of health information on the Web. 8 Shirlee-Ann Knight and Janice Burn summarized 12 widely accepted information quality frameworks collated from the last decade of information science research. 9 They found that completeness is one of the most frequently used quality criteria. Additionally, according to Mohan Jyoti Dutta's study, "the sources of information were judged to be more credible when the information was complete;" and respondents "used the completeness cue to evaluate the credibility of the source of information in the target article."
10 Furthermore, academicians also want to retain the completeness (integrity) of their ope-access research papers. The UK JISC-funded (Joint Information Systems Committee) RoMEO (Rights Metadata for Open-archiving) project found that the largest group of respondents (67%) wanted reproductions of their open-access research papers to be exact replicas of the original.
11 This restriction was one of two principle restrictions that academicians wished to have placed on their open-access works. Therefore, completeness is an important element for assessing the quality and credibility of scholarly information on the Web, both for Internet consumers and academic authors.
In this study, we defined completeness as the presence of the necessary and essential information for the issue in question. 12 Scholarly information on the Internet primarily refers to online academic information that could be freely accessed by users with no strings attached.
Literature Review
A few academic libraries, research institutions, and scholars have put forth several criteria to evaluate the completeness of information on the Internet since the late 1990s. Some of these criteria have been applied to evaluate and select Internet information by Internet users, which can be divided into five categories: (1) the first criterion measures whether the reproduced information is altered or abridged. Mary Ann Fitzgerald observed that the removal of information from its context was one of the most common types of misinformation (false information) on the Internet. 13 In particular, if online scholarly information only provides an abstract, summary, or bibliography of the full publication, or omits some data, graphics, facts and so on, it is incomplete.
14 (2) The second criterion examines whether information contains all of the required elements of an argument or topic. Mohan Jyoti Dutta suggested that complete information "presents all four elements of argument quality-claim, ground, warrant, and backing; explains how (the process/ theory); presents method; contains scientific words and explains them."
15 Yang W. Completeness is one of the critical standards of information quality; incomplete information has a negative effect on the accuracy and credibility of information. 23 This inaccuracy may direct wrong decisions and bring negative influences to research projects. We find that most of the previous empirical studies have primarily focused on medical information. There are few surveys investigating the general status of the completeness of scholarly information on the Internet. The criteria of completeness proposed by some studies are not comprehensive, and several scholars ignore the varying priorities of the criteria. In this paper, we undertake an assessment of the completeness of online scholarly information and establish a generally applicable assessment framework. Based on this, we apply the framework to evaluate and describe the current state of the completeness of online scholarly information. The assessment framework of completeness and its implementations can help academic librarians, researchers, students, and others better select scholarly information on the Internet.
Assessment Framework of Completeness for Online Scholarly Information

Criteria Selection
Based on the understanding of the concept of completeness, we examined the criteria used most frequently by several research institutions, libraries, and academicians, such as the American Public Health Association, UC Berkeley Library, Sacramento State University Library, and so on. We assumed that the information on the Internet is accessible by reasonable time, cost, and effort. We then developed a set of criteria to assess the completeness of scholarly information on the Internet, including: (A) Information breadth. Information must have sufficient breadth for the task or topic. There are three indicators: First, the information covers the topic extensively in terms of time (A1); the resource provides us with the past, present, and future development of the selected topic. Second, the information widely covers the topic with respect to geography (A2); the resource contains discussions about the topic locally, regionally, nationally, or internationally. Finally, the resource must comprehensively cover the topic in terms of a range of viewpoints (A3); it must represent the pros and cons connected to the topic.
(B) Expatiation of topic. This criterion requires that all critical elements are included when discussing the given subject. For example, if the source is a scientific thesis, it should include a contention, evidence, and argumentation. Eysenbach et al. found that, among 79 articles that assessed the quality of health information on the Web, "most authors calculated a proportion of priori-defined elements covered by a website or reported the proportion of websites that mentioned all key elements" when discussing information completeness.
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(C) Accurate reproduction of information. Reproduced information should be presented in accordance with the original source. For example, the content of an article, authors' affiliation, references, or copyright information should not be altered or omitted in the process of reprint or digitization.
(D) Description of method. Information describes the methodology in detail (for example, how the research was conducted, including research design, subjects, procedures, and replicability). Rational and accurate methodology is of great importance to scientific studies. Connie A. Korpan et al. observed that university students' needs for completeness of scientific information were primarily in the three areas of method, agent/theory, and data/statistics.
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(E) Provision of reasonable additional information. References and introduction to information sources can help Internet consumers understand the topic further and obtain more related information. This criterion includes two indicators: first, providing various types of references (E1); and second, giving enough information about those sources (E2).
Assignation of Weights to the Criteria
The respective weights of these five criteria were decided through the Analytic Hierarchy Process (AHP is a subjective method for analyzing qualitative criteria to generate a weight of the operating units), and the priority of each sub-criterion was estimated by a five-item Likert Scale, which includes six steps: 2. Developing a judgment matrix by pair-wise comparisons. We put five criteria in a pair-wise matrix, such that a criterion will be compared with every other criterion to assess their relative priority.
3. Conducting a questionnaire survey. The survey was divided into three sections: Part A collected demographic information. Part B collected respondents' judgments about the priority of the five criteria of completeness. We invited the respondents to rank these criteria in the order of importance by completing the evaluation matrix included in the questionnaire. Part C collected respondents' judgments about the priority of five subcriteria of completeness, using a five-item Likert Scale (see appendix 1).
From January 2007 to March 2007, we sent e-mail questionnaires to scholars who had published academic articles in selected twelve journals, most of which are Science Citation Index journals). Journals in our sample pool included Nature (Nature Publishing Group), The Journal of Biochemistry (Oxford University Press), Scientometrics (Akadémiai Kiadó and Springer Science+Business Media B.V.), Acta Physica Sinica (Chinese Physical Society), and so on. The publication years of these journals that we selected were 2004 and 2006. The scholars' contact information was found in these journals. We sent five-hundred questionnaires in all, and reclaimed seventy-nine. Six questionnaires didn't pass the consistency test, so there were seventy-three effective questionnaires collected. The disciplines of these seventy-three responders included (4) Synthesizing priorities and measuring of consistency. After the matrix was developed and all pair-wise comparisons were obtained, the maximum eigenvalue ( max λ ) and eigenvectors for the matrix was calculated using Matlab software. By normalizing these eigenvectors, we obtain the weights of the criteria. We utilized a consistency index (CI) and consistency ratio (CR) to verify the consistency of the comparison matrix. CI and CR are defined as follows:
(1) CR = CI/RI (2) where RI denotes the average CI over numerous random entries of the same order reciprocal matrices, if CR≤0.1, the estimate is accepted; otherwise, a new comparison matrix is solicited until CR≤0.1.
(5) Group decision making. The value of CR directly reflects the scoring methods of respondents. The smaller the value of CR, the higher the quality of the judgments of the respondents. We can calculate the respondent weight coefficients where CR i refers to the consistency ratio of the i th criterion, RI i to the corresponding average random index, and m to the number of respondents. After attaining the results of the weight coefficients of all the respondents, we obtain the matrix: P= [P 1 , P T (4) (6) Calculating the weights of the subcriteria. The weights of the sub-criteria were calculated by the method of arithmetic average, according to the five-item Likert Scale in the questionnaire filled out by the respondents.
The evaluation framework of completeness is shown in table 1.
Methods
Search Methodology
To make a comprehensive examination on the completeness of online scholarly information, we chose 32 search terms from Mathematics and Physics (n=3), Earth Science (n=3), Material and Engineering Science (n=3), Computer and Information Science (n=3), Medicine and Health (n=5), Chemistry and Biotechnology (n=5), Humanities (n=3), and Social Science (n=7). Examples included "Tamiflu and bird flu," "Genetically modified food and safety," "Neural selection and human being," and "Teflon and health." These topics were selected in accordance with the following principles: (1) they are general knowledge connected closely to people's lives; (2) they are comprehensible to ordinary understanding or knowledge; and (3) they are accessible in peer-reviewed periodicals, textbooks, or encyclopedias. A keyword search was conducted from January 4, 2007, to January 11, 2007 . Since the vast majority of Internet consumers use search engines to begin an information search, 27 we chose three search engines Google, Yahoo, and Altavista to conduct the keyword search; these three search engines represent the 29 we chose the first 50 results from the three search engines, with a ceiling of 4,800 Web pages chosen. Among these samples, 1,986 (41.38%) Web pages were discarded because they were either duplicate Web pages, dead links, or irrelevant. This process resulted in a sample of 2,814 unique Web pages for analysis in this study.
Evaluation of Web Pages
Fifteen doctoral students from Wuhan University participated in the evaluation from February 20, 2007 , to May 30, 2007. The disciplinary areas of these students included Chemistry and Biotechnology, Mathematics and Physics, Medicine, Computer and Information Science, Material and Engineering Science, Sociology, Humanities, and Earth Science. To maintain the objectivity of the results, each Web page was assessed by two reviewers with background knowledge in the subject. For example, 408 Web pages about Chemistry and Biotechnology key terms were evaluated by two doctoral students majoring in Chemistry and Biotechnology.
In this study, an assessment of completeness was based on relative documents and information we found in peer-reviewed periodicals or reports, textbooks, and Encyclopedia Britannica Online. Furthermore, reviewers were given a few standards:
1. To evaluate whether information is sufficiently broad, it is necessary to exam-
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ine whether the information widely covers the topic in terms of time, geography, and viewpoints. For example, consider the topic "Genetically modified food and safety." If the Internet information conveys different attitudes and views towars it in different periods, it can be recognized as a resource that satisfies the criterion of "information breadth."
2. Information completeness is a relatively subjective measure, which depends on context, specific domain, or subject.
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Even within a topic, a wide range of scores can be obtained for the criterion "expiation of topic" due to different types of sources.
3. As for the criterion "accurate reproduction of information," compliance is determined by the extent that reproduced information matches the original information (for example, an article first published in a journal or another Web page).
4. As for a research paper, if it explains how the research was conducted (that is, the design, procedures, sampling, reliability, validity, and replicability are discussed), 31 it would get a high score on the "description of method" criterion.
5. If the information provides sufficient references and information about sources (such as which institution owns it, links to background, and introduction to related knowledge), then the document conforms to the criterion "provision of reasonable additional information."
Each criterion was scored on a fivepoint scale: 5=completely satisfy, 4=mostly satisfy, 3=basically satisfy, 2=partially satisfy, 1=failure to satisfy. Furthermore, if a criterion was not applicable, it was categorized as "N/A."
The mean value of completeness (Z) was calculated using weighted average arithmetic:
Z=∑Zi, (5) Zi=∑Wi∑WijXij, (6) where Wi represents the weight of the i th criterion, and Wij represents the weight of the j th attribute under the i th criterion (if j=0, this means that there are no such attributes). Xij is the value assigned to the j th attribute under the i th criterion (that is, i=1,2,…,5; j=0,1,…, 3; and X=1, 2, …, 5). The total score for the scale can range from 1 to 5.
Analysis was conducted in SPSS12.0 using two-tailed P values, and a value of 0.05 was considered statistically significant.
Results
The internal consistency of the assessment framework we developed was Cronbach's α=0.89 (note that a reliability coefficient of 0.70 or higher is considered "acceptable" in most Social Science research situations), which proved its consistency and reliability. The overall mean score of completeness of the 2,814 samples came to 2.92 (taking N/A as a missing value that was replaced by the mean of certain criterion). Therefore, according to their mean scores, the completeness of online scholarly information was classified into the categories of excellent (Z=5), good (4≤Z<5), fair Of the 2,814 samples, 11 percent were rated as "very weak" (scored less than 2), while the majority of Web pages were rated as "weak" (45%). Over half of the samples did not even satisfy the basically requirement of completeness. One third of samples received mean scores between 3 and 4 (rated as "fair"), while only 11 percent were scored as "excellent" or "good."
Samples receiving a score of 4 or 5 were counted in each criterion. Figure 3 shows the details.
Comparison of the Completeness of Online Scholarly Information by Domain Name
The domain names of the samples were classified into six types to discern if there were significant differences among online scholarly information with different domains. Analysis of this variance was conducted using the Kruskal-Wallis Test for K Independent Samples. Since the P value was less than 0.05, there was a statistically significant difference among the mean scores of various domains.
From figure 4 , we can see that samples with .org/.int and .gov domain names performed comparatively well on completeness in contrast to the others, with a mean score greater than 3 (3.05 and 3.04, respectively), and consequently rated as "fair." Additionally, more Web pages with these two domain names rated as "excellent" or "good,": that is, approximately 15 percent of samples with .org/.int and 11 percent of samples with .gov, respectively (see table 2 ). Web pages with .edu/.ac and "other" domains (such as .fr, .ca, .mil, and .us) scored below the Web pages with .org/.int and .gov domains. These pages were close to the level of "fair" (the mean values were near 3 points). 
Mean of Completeness
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The scores of Web pages with .com, .net, and .info domain names were 2.78, 2.78, and 2.85, respectively, which were lower than the overall mean score (2.92). Table 2 shows that more than 60 percent of them were ranked as "very weak" or "weak."
Comparison of the Completeness of Online Scholarly Information by Resource Type
In the analysis of variance, the P value was close to 0, that is, less than the level of significance, proving that the completeness of online scholarly information with different types of resources had a statistically significant difference. Mean values of the completeness of online scholarly information by resource type appear in figure 5 .
The information completeness related to open access literature scored significantly higher than the other types of resources (mean value was 3.24, P<0.05); one-quarter of these resources were ranked as "excellent" or "good" (see table 3 Virtual community resources received the lowest completeness score (2.52). Table 3 shows that approximately 80 percent of virtual community resources were rated as "very weak" or "weak." By classifying these resources into four kinds discussion groups, BBSs, newsgroups, and wikis we found their completeness varied wildly. The mean value of wiki pages was 3.01, discussion groups 2.62, newsgroups 2.55, and BBSs 2.25. Blogs received a mean value of 2.63.
Comparison of the Completeness of Online Scholarly Information by Subject
Adapting the same method discussed above to analyze the variance of online scholarly information by subject, the P value was less than 0.05, proving that there was a significant difference among the completeness of information between different subjects. Figure 6 directly depicts these differences.
Figure 5 Mean Values of the Completeness of Online
Scholarly information by resource Type .net/.info (n=91) 12% 56% 20% 8% 4% else (n=170) 9% 44% 36% 7% 4%
.edu/.ac (n=491) 7% 44% 39% 8% 2%
.gov (n=213) 4% 50% 35% 8% 3%
.org/.int (n=686) 9% 42% 34% 10% 5%
From figure 6 , we see that Web pages involving Earth Sciences, Humanities, and Mathematics and Physics received scores distributed in the level "fair" (the mean scores were 3.14, 3.09, and 3.02, respectively).
The mean scores of the Web pages involving Computer and Information Science and Social Science were close to one another. Their scores were not appreciably higher than the overall mean value of the entire 2,814 sample set; however, they did not attain the "fair" level.
Web pages about Medicine and Health, Materials and Engineering, and Chemistry and Biotechnology received even lower scores. Many scholars have assessed the completeness of different subjects related to Medicine and Health; and, therein, their results indicate that they did not perform well with regard to completeness, which matches our findings. Table 4 demonstrates that Web pages about the Humanities were most frequently rated as "excellent" or "good" (23%). There were more than 60 percent of Web pages dedicated to Medicine and Health, Computer and Information Science, and Chemistry and Biotechnology that rated as "very weak" or "weak."
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Discussion and Conclusions
In this study, we developed a comprehensive assessment framework to evaluate the completeness of scholarly information on the Internet, wherein weights of criteria were assigned by AHP and a five-item Likert Scale. The 2,814 Web pages relating to eight subjects were evaluated by fifteen reviewers coming from different disciplinary areas.
The General Characteristics of the Completeness of Online Scholarly Information Is "Weak"
The results of our rating assessment indicate that the completeness of scholarly open-access literature (n=132) 7% 37% 31% 20% 5%
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information on the Internet is unsatisfactory. The overall mean score of completeness was 2.92 (n=2,814), which indicated that very few Web pages satisfied the assessment framework we developed. The General Characteristics of the Completeness of Online Scholarly Information is "Weak." Only 11 percent of samples provided comparatively complete information. These samples were rated as "excellent" (Z=5) or "good" (4≤Z<5). A total of 33 percent of the sampled sites were distributed at the level of "fair" (3≤Z<4), while 56 percent of samples did not satisfy the basic criteria of completeness (Z<3). We found that more than 70 percent of Web pages lack essential elements of a topic. For example, when discussing whether the ozone hole can be repaired, several Web pages only contain the viewpoints of the authors without providing several important building blocks of argument structure, such as warrant, statistics, or backing.
Less than 20 percent of samples comprehensively covered the given topic in terms of a range of viewpoints. Let us consider "Teflon and health," for example. Many Web pages merely provided information concerning the advantages of Teflon, and ignored some claims that perfluorooctanoic acid (PFOA) included in Teflon may have harmful effects on humans. According to our statistics, less than 15 percent of for-profit organization Web sites performed well on this sub-criterion, which was lower than all other types of resources, except personal Web pages.
Only 12 percent of scholarly information published on Web pages was in accordance with original sources. Most Web pages altered or omitted information when reproducing or digitalizing original sources. The number of samples that satisfied the criteria "giving enough information about the sources" was the least (less than 10%). It is inconvenient for Internet consumers to acquire more background and original information.
The description of method is an important approach for researchers to discover the process of previous studies, and is vital for testing the reliability, validity, and replicability of studies. Unfortunately, less than 12 percent of online scholarly information performed well on this sub-criterion.
To sum up, considering that completeness is one of the core evaluative features of information quality, and that scholarly information on the Internet plays a vital role in scientific research, the current situation of its completeness needs to be improved immediately. Open access literature scored significantly higher than other types of resources. This result is probably due to the fact that it can be browsed and downloaded free of charge. Additionally, several open access journals are peer-reviewed, and effective institutional and subject repository quality control measures have been developed.
Blog and wiki sites are foundations of Web 2.0, and provide a more convenient platform for people to release information and communicate with one another. Unfortunately, their completeness was found to be unsatisfactory. To play a more active role in scientific communication, it is absolutely necessary to improve their completeness.
Scholarly information provided by portal Web sites also performed weakly. Let us consider Yahoo as an example. Yahoo establishes Yahoo! Answers for Internet consumers to ask or answer questions.
Although many volunteers participate in it actively, most information provided by them is incomplete, and the information credibility is questionable.
3. The completeness of Web pages involving Earth Sciences, Humanities, and Mathematics and Physics performed well above the average level, and satisfied the basic criteria of the assessment framework.
We found that 53 percent of the sampled sites had .edu/.ac, .org/.int, and .gov domain names. Most of these sites were NPO Web sites and open access literature (69%). These domain names and resource types received high scores for completeness.
We also found that the completeness of scholarly information involving Medicine and Health was weak. The number of members of the public searching for health information on the Internet is increasing. According to the investigation conducted by the Pew Internet and American Life Project in 2005, 79 percent of Internet users have looked for health information online. 34 The current state of completeness for health information on the Internet is not conducive to the public's search for credible health information.
Research Limitations
The research in this paper may have some limitations. First, we selected the top 50 ranked results from three search engines. Since many search engines rank better sites first, these search tools could influence the results;
35 however, the results obtained by this method of sample selection seem to indicate that the overall completeness of online scholarly information should be worse than that examined in this study. Second, although all the reviewers were trained before the evaluation, we could not exclude the effect of subjective factors. Third, most studies of online information, including ours, are limited by the constantly changing nature of the Internet. If our study were repeated, the findings might be different. Therefore, it is necessary to conduct further study. 
